] is a substantial supportive agent in the treatment of inflammatory bowel diseases (IBD), particularly in ulcerative colitis (UC). It is well known that 5-ASA is metabolized by phase II enzymes. And most likely cytochrome P450 enzymes have an important role in this process. However, there is no information to the accuracy of this and which CYP isoforms affect this potential pathway of metabolism. In this study, it was aimed to find out whether other alternative drug metabolism pathways other than N-acetylation, are involved in 5-ASA metabolism, particularly cytochrome P450s. For this purpose, first, a colorimetric method was developed to measure the 5-ASA. Then, it was applied to determine whether mesalamine was metabolized by in vitro with each pure CYP450 isozymes (CYP1A2, CYP2C9, CYP3A4, CYP2C19, CYP2D6). It has shown that 5-ASA acted as a substrate for the CYP3A4 and CYP2D6 isoforms. The incubation of pure CYP isoforms in the presence of prototype substrates together with 5-ASA have led to inhibition of prototype activities of CYP3A4 and CYP1A2. As a consequence, this study demonstrated that the 5-ASA is both a substrate and an inhibitor for CYP3A4, a substrate for CYP2D6, and an inhibitor for CYP1A2. Thus, the prescription of mesalamine together with the drugs metabolized with these CYP isozymes could cause unanticipated adverse reactions or therapeutic failures. These are the new contributions to the literature. UDC Classification: 615,
Introduction
In the United States (USA) and Europe, nearly 1.4 million and 2.2 million people respectively suffer from various inflammatory bowel diseases (IBD), particularly UC and Crohn's disease (CD) (Loftus, 2004) . Mesalamine or 5-ASA is the main agent used in the treatment of IBD for many years and remains indispensable for treatment in patients with mild to moderate UC (Bergman et al., 2006; Watkinson, 1986) . According to information from the National Institutes of Health from the 2004 Verispan database of prescriptions filled in the USA, 44% of the drugs used for the treatment of CD patients and 81% of the drugs used for UC patients were 5-ASA (Everhart, 2008) . The first 5-ASA prodrug, sulfasalazine, was developed by Professor Nana Svartz for the treatment of rheumatoid arthritis in the 1940s. The empirical formula of the 5-ASA molecule is C7H7NO3 and has a molecular weight of 153.135 g/mole shown in fig. 1 . 5-ASA is primarily active in the colonic mucosa from the luminal side, and its local anti-inflammatory effect is here and associated with mucosal concentrations. Several mechanisms, such as inhibition of intestinal macrophage chemotaxis (Nielsen et al., 1988) , inhibition of proinflammatory cytokine release (Galvez et al., 2003) , inhibition of cyclooxygenase and prostaglandin pathways (Hawkey et al., 1985) , inhibition of nuclear factor-kB activation (Egan et al., 1985) and others (Reifen et al., 2004; Rousseaux et al., 2005; Horvath et al., 2008) have been proposed to better understand how this effect is induced. 5-ASA is metabolized to N-acetyl-5-ASA which is the first active metabolite of 5-ASA by Nacetyltransferases (NAT) expressed in colon epithelial cells. NATs are enzymes that can perform acetyl transfer from acetyl-coenzyme A (Ac-CoA) which is a type of acetyl donor (Allgayer et al., 1989; Ireland et al., 1990; Nielsen et al., 2007) . These enzymes are involved in phase II xenobiotic metabolism. The effect of 5-ASA absorbed in the small intestine is pH and time-dependent. It is converted into an inactive form and can be excreted in the urine (Tjornelund et al., 1991; Dilger et al., 2007) Source: Nobilis et al., 2006 Cytochrome P450 (CYP) enzymes are the main phase I enzyme family involved in the oxidative metabolism of steroids, fatty acids, prostaglandins, and many other natural compounds, as well as carcinogens, mutagens, drugs, xenobiotics. It explains why these enzymes are of particular importance for clinical pharmacology (Nelson, 2004; Guengerich, 2008; . Cytochrome P450 1A2 (CYP1A2), a well-known aryl hydrocarbon hydroxylase, has high levels in the liver (~ 4-16% / total hepatic CYP enzyme content) (Nelson et al., 2004; Wang et al., 2009) . Drug-drug interactions should be considered in drug therapy with substrates of the enzyme CYP1A2, which take an active role in the metabolism of many xenobiotics because the flexibility of binding of the active site of the enzyme to different surfaces can lead to reversible or irreversible inhibition of the enzyme. Some of the strongest inhibitors are furafylline and α-naphthoflavone (Hiemke and Härtter, 2000) . CYP2C9 constitutes 20% of the total CYP enzymes found in the liver (Shimada et al., 1994) . For CYP2C9, the most abundant CYP enzyme in the liver, the best-known drug substrates are weak acids containing carboxylic groups in their structures. CYP2C9 metabolizes more than 100 clinical drugs (hydroxylates) including nonsteroidal anti-inflammatory drugs such as ibuprofen, oral hypoglycemic agents such as tolbutamide, antiepileptic drugs such as phenytoin, oral anticoagulant couzidine (Lee et al., 2002; Rettie and Jones, 2005) . Being the first CYP2C enzyme discovered by its genetic polymorphism, CYP2C19 antiulcer is responsible for the oxidative biotransformation of many drugs including various drug groups such as those belonging to anticancer, antidepressant, antihypertensive and antiplatelet drugs (Küpfer and Preisig, 1984; Brøsen, 2004) . Although the CYPs constitutes ~2% of the enzymes in the liver, CYP2D6 is involved in the oxidative metabolism of more than 70 pharmaceuticals. This enzyme, which is also found outside the liver, has been found to be similar to the hepatic enzyme in the brain and is associated with dopamine transport. It plays a role in the metabolism of antidepressants, antihistamines, antidiabetic, antipsychotic drugs Stingl et al., 2013) . Among the P450s, CYP2D6 is the only on-inducible enzyme, which results in a substantial contribution of genetic variation to the inter-individual variation in enzyme activity (Owen RP et al., 2009) . CYP3A4, which catalyzes N-dealkylation reactions, is the most active among the CYP450 enzymes involved in drug metabolism. CYP3A4, which catalyzes N-dealkylation reactions, is the most active CYP450 enzyme that metabolizes almost 30% of clinically used drugs in CYP450 enzymes involved in drug metabolism (Bu, 2006; Liu et al., 2007; . Thanks to its flexible and large active side, CYP3A4, provide to metabolize large drugs such as of cyclosporine A, tacrolimus-erythromycin, and taxol, but also smaller drugs such as tamoxifen, benzodiazepines, and opioids (Scott and Halpert, 2005; Hendrychová et al., 2011) . Therefore, the present study is aimed to identify the cytochrome P450 isozymes responsible for the alternative oxidative metabolism of mesalamine other than major N-acetylation. Methods Measurement of 5-ASA Activities of CYP Isoforms In the spectrophotometric measurement of 5-ASA, 5-ASA was reacted with nitrite in an acidic medium to form the corresponding diazonium salt. After the nitrite residues due to the side reactions were removed with sulfamic acid which reacts faster than urea, the diazonium salt was combined with the phloroglucinol reagent in the alkaline medium. Yellow-orange and water-soluble azo dye formed by combining the diazotized 5-ASA and phloroglucinol reagent in an alkaline medium and was measured at 430nm. The method was inspired by Hamdon (2011) and was optimized. The metabolism of 5-ASA with each pure CYP isozyme (cerosomes) was measured by the colorimetric method in which the concentration of 5-ASA was calculated indirectly. In order to determine the activity of the CYPs isozymes on 5-ASA, they were incubated with the pure CYP enzymes (cerosomes prepared from Saccharomyces cerevisiae expressing the human cytochrome P450 isozyme and human NADPH reductase) in the presence of NADPH for 60 min at 37 ºC, and the remaining 5-ASA was measured as described above. The standard curve derived with use of pure 5-ASA was used to calculate the enzyme activity. Microsomal CYP1A2-dependent methoxyresorufin Odemethylase (MROD) activities were assayed by the method of Burke and Mayer (1974) , as optimized by Sen and Arinç (2000) . CYP3A4-dependent erythromycin N-demethylase (ERND) activity was determined by measuring the quantity of formaldehyde formed according to Nash (1953) and modified by Cochin and Axelrod (1959) . Similarly, CYP2C9/19-dependent aminopyrine N-demethylase activity was determined by the method proposed by Cochin and Axelrod (1959) and by measuring the amount of formaldehyde according to the Nash (1953) method. The activity measurement was also performed in the presence of prototype CYPs inhibitors to validate the activity measurement (CYP1A2-Furafylline, CYP2C19-Omeprazole, CYP2C9-Sulfaphenazole, CYP3A4-Ketoconazole).
Results
According to the 5-ASA-CYP activity measurement based on the reading of the intensity of the color formed when the 5-ASA and pure CYP450 enzymes were incubated, it was found that 5-ASA was not metabolized by CYP1A2, CYP2C9, CYP2C19 enzymes. Also, the activities of CYP2D6 and CYP3A4 enzymes were determined as 0.280± 0.04 pmoles 5-ASA consumed/min/pmole CYP3A4 and 0.228± 0.09 pmoles 5-ASA consumed/min/pmole CYP2D6, respectively. Moreover, it could be speculated that CYP3A4 plays a role in the 5-ASA metabolism. The activity values calculated as a result of incubation of 5-ASA with pure CYP enzymes are given in Table 1 as pmoles 5-ASA consumed per minute per pmole CYP. The effect of 5-ASA on the CYP1A2-associated methoxyresorufin O-demethylase (MROD) activity, CYP3A4-associated erythromycin N-demethylase (ERND) activity and CYP2C9/19-dependent aminopyrine N-demethylase activity, alongside with the prototype inhibitors of each enzyme are presented in fıg. 4. Discussion 5-ASA is an agent that has been used for the treatment of IBD, especially ulcerative colitis, and has an anti-inflammatory effect. 5-ASA is metabolized to N-acetyl-5-ASA in the colon by NATs. However, the absorption of 5-ASA from the colon is only minimal. There is no information on the effect of 5-ASA on cytochrome P450 enzymes which play the most active role in drug metabolism and the role of these enzymes in the oxidative metabolism of 5-ASA. In many reported studies, methods including mass spectroscopy, high-performance liquid chromatography, micellar electrokinetic chromatography were used to determine 5-ASA. Besides, various spectrophotometric methods are of 5-ASA and which are used for the determination of 5-ASA. The current study involved the use of colorimetric measurement of 5-ASA to determine the involvement of CYP450 enzymes in the oxidative metabolism of 5-ASA, by using pure enzymes as ceresomes. In addition, the effects of 5-ASA on the activity of pure CYP isoenzymes with their prototype substrates alongside known prototype inhibitors were also determined for further characterizations. 
Source: Authors
According to the results of the described method based on the reading the intensity of the color formed when the 5-ASA and pure CYP450 enzymes were incubated, 5-ASA was metabolized by CYP2D6 and CYP3A4 enzymes. The activities of CYP2D6 and CYP3A4 enzymes were determined as 0.280±0.04 pmoles 5-ASA consumed/min/pmole CYP2D6 and 0.228±0.09 pmoles 5-ASA consumed/min/pmole CYP3A4, respectively. Thus, it is strongly suggested that these enzymes play a role in the oxidative metabolism of 5-ASA. When CYP3A4-associated erythromycin N-demethylase (ERND) activity was measured in the presence of 5-ASA, the ERND activity was decreased to 20% as compared to ERND activity in the absence of 5-ASA. The percentage ERND activity was reduced by almost 50% when CYP3A4associated ERND activity measured in the presence of the prototype inhibitor of the enzyme, i.e., ketoconazole. The inhibitory effect of 5-ASA is much higher than the prototype inhibitor. Furthermore, another activity measurement study that was performed in our laboratory before, again showed that ERND activity was significantly inhibited by 5-ASA incubation with erythromycin (Yasar et al., 2011) In the same study, CYP3A4 mRNA expression level after 5-ASA treated HeLa cell line showed that CYP3A4 mRNA expression level increased by 40% at 48 h compared to the control. Similarly, Kim and coworkers (2015) have also shown that 5-ASA induced CYP3A4 activity along with mRNA expression level in the culture of human cryopreserved hepatocytes. Thus, these results strongly suggest that 5-ASA could be both a substrate and an inhibitor for the CYP3A4 enzyme. Also, 5-ASA is likely to produce competitive inhibition, but further detailed examinations are required to support this suggestion.
Although the activity measurement method used in our previous study shows that there is 36% inhibition of CYP2C9-associated aminopyrine N-demethylase (APND) activity in the presence of 5-ASA, the present study shows that there was no change in the activities of CYP2C9/19-associated aminopyrine N-demethylase (APND) in the presence of 5-ASA as compared to APND activity in the absence of 5-ASA. Thus, CYP2C9/19 might not be involved in the oxidative metabolism of 5-ASA. CYP1A2 was about 80% CYP1A2 catalyzed and MROD activity was completely blocked when the enzyme was incubated with its prototype inhibitor furafylline. These data are strongly indicating that 5-ASA may have an inhibitory action on the CYP1A2 enzyme. As a result, 5-ASA was metabolized with CYP3A4 and interestingly with CYP2D6, which of these two CYPs are known to metabolize more than 55% of the known drugs prescribed. In addition, 5-ASA was identified to be an in vitro inhibitor for both CYP1A2 and CYP3A4 enzymes. These data are significant and are first reports for the literature according to our knowledge. The fact that P450 enzymes expression levels are affected by 5ASA and P450 enzymes and may be involved in 5-ASA metabolism indicate that special care must be taken for the drugs prescribed regarding drug-drug interactions and intoxications for patients using 5-ASA such as IBD and UC patients. A similar situation applies to CYP2D6 and CYP1A2 and considering that these patients use 5-ASA, it is clear that potential drug-drug interactions can be dangerous.
Conclusions
In conclusion, the present study presents compelling pieces of evidence indicating that the 5-ASA is both a substrate and an inhibitor for CYP3A4, a substrate for CYP2D6, and an inhibitor for CYP1A2. Thus, the prescription of mesalamine together with the drugs metabolized with these CYP isozymes could cause unanticipated adverse reactions or therapeutic failures. These are the new contributions to the literature.
